Aims. We present a sample of 12 Quasi-Stellar Objects (QSOs) potentially acting as strong gravitational lenses on background Emission Line Galaxies (ELGs) or Lyman-α Emitters (LAEs). The candidates are selected through a systematic search of the 350793 QSOs spectra in the Sloan Digital Sky Survey (SDSS)-III Data Release 12 (DR12) within the Baryon Oscillation Spectroscopic Survey (BOSS). Methods. Candidates are identified by looking for compound spectra, where additional emission lines cannot be associated with the spectral features of the QSOs. The narrow diameter of BOSS fibers (2") ensures that the object responsible for the additional emission lines must lie close to the line of sight of the QSO. We focus our search on additional objects securely identified at higher redshifts than the QSOs. Results. Among the 12 candidates identified, 9 have definite evidence for the presence of a background ELG identified by at least 4 higher-redshift emission lines. The remaining 3 probable candidates present a strong asymmetrical emission line attributed to a higher-redshift LAE. The QSO-Galaxy lens candidates have QSO redshifts in the range 0.24 zQSO 0.66 and background galaxy redshifts in the range 0.48 zs 0.94 whereas the QSO-LAE lens candidates have QSO redshifts in the range 0.75 zQSO 1.23 and source LAE redshifts in the range 2.17 zs 4.48. Conclusions. Upon confirmation of the lensing nature of the systems, this sample may quadruple the number of known QSOs acting as strong lenses. Future imaging of the full sample will allow to model the radial mass profile of QSO host galaxies and study the scaling relations between Super-Massive Black Holes (SMBHs) and their host galaxies.
Introduction
As gravitational lensing produces unmistakably distorted, amplified and multiplied images of the lensed objects (Kneib & Natarajan 2011) , it is not surprising that the first gravitational lenses were discovered by identifying multiply imaged bright sources such as Quasi Stellar Objects (QSOs) (Walsh et al. 1979; Weymann et al. 1980) . Since the first discoveries, the increasing number of widefield surveys has revealed the use, first suggested by Zwicky (1937) , of strong gravitational lensing as a powerful tool to weigh individual galaxies and probe their radial mass profile (e.g Warren & Dye 2003; Wayth et al. 2005; Bolton et al. 2012a) . Large samples of source-selected lenses are now available due to the work of multiple teams over the last two decades (e.g. Muñoz et al. 1998; Myers et al. 2003; Oguri et al. 2006; Cabanac et al. 2007; Faure et al. 2008; More et al. 2011; Inada et al. 2012; Agnello et al. 2017; Williams et al. 2017) . Recent studies search for strong lenses through careful processing of large imaging datasets (e.g Joseph, R. et al. 2014; Paraficz et al. 2016) or through citizen science projects such as Spacewarps ).
Whereas source-selected samples span a wide range of physical properties of the lenses, lens-selected samples allow to study specifically the targeted lenses. The largest lens-selected sample available to date is the Sloan Lens ACS Survey (SLACS, Bolton et al. 2006 Bolton et al. , 2008 Auger et al. 2009) , where the lenses are early-type galaxies with redshift 0.16 < z < 0.49 selected from the Sloan Digital Sky Survey (SDSS). The SLACS survey used spectroscopic data to search for extra emission lines superimposed with the foreground galaxy spectra, following the method of Warren et al. (1996) .
Motivated by the success of SLACS (Bolton et al. 2006) , the Optimal Line-of-Sight lens survey (OLS-lens survey, Willis et al. 2006) , the BOSS Emission Line Lens Survey (BELLS, Brownstein et al. 2012) , the SLACS for The Masses Survey (S4TM, Shu et al. 2015) , the BELLS GALaxy-Lyman-α EmitteRs Systems survey (BELLS GALLERY, Shu et al. 2016a,b) and the subsequent confirmation of the majority of its Galaxy-LAE candidates (Cornachione et al. 2017) , we decided to explore further the potential role of QSOs as lenses.
In light of these previous works, we believe that both lens-and source-selected strong lenses samples can now be A&A proofs: manuscript no. QSOLens obtained from wide-field spectroscopic surveys, when the foreground object is easily identified. Selection of the lensed object is enabled by the detection of precise emission lines such as Lyman-α or the presence of both [OII] 3727, Hβ, [OIII] 4959, [OIII] 5007 and/or Hα suggesting the presence of higher redshift Lyman-α Emitters (LAE) and emissionline galaxies, respectively. Miralda-Escudé & Léhar (1992) have argued that galaxy-galaxy strong lenses should be ubiquitous, and the above surveys have overcome the challenge of their detection. However, it is not the same for QSO-galaxy lenses. In a pioneering study, Courbin et al. 2010 have identified 14 QSOs acting as potential strong gravitational lenses and confirmed 3 (Courbin et al. 2012 ) using the Hubble Space Telescope (HST) deep imaging capacities (program GO#12233, Wide Field Camera 3 and UVIS detector). The research was conducted over SDSS-II Data Release 7, fitting and subtracting a spline QSO continuum before cross-correlating the residuals with appropriate emission line templates. However, the small number of confirmed QSO lenses limits the analysis to the intrinsic properties of the individual targets. The promise of a statistically significant sample of QSO lenses is to compare their dynamical and lensing mass distribution and test the scaling laws between the QSO emission lines, the black hole mass and the host galaxy total mass (e.g. Kaspi et al. 2005 , Shen et al. 2008 . In a recent study, Cen & Safarzadeh (2016) have shown that strong lensing by QSO could act as an efficient test of different models of dark matter halos of QSO host galaxies. With our new sample, we can increase the number of known QSO lenses by up to a factor of 3 or 4 and open the door to streamlined detection of such objects in future wide-field surveys. This would in turn benefit studies of the relation between QSOs and their host galaxies.
In this paper, we present 12 new QSOs potentially acting as strong lenses in the SDSS-III BOSS Data Release 12 (DR12 Eisenstein et al. 2011; Dawson et al. 2013; Alam et al. 2015; Smee et al. 2013) as well as our selection method which extends spectroscopic selection of strong lenses to foreground QSOs. In Section 2, we review our candidate selection method and provide spectroscopic evidence for all 12 candidate systems, as well as photometric hints for probable lensing signals for one QSO-Galaxy lens candidate. In Section 3.1, we show the evidence for the first 9 candidates being probable QSO-Galaxy strong lensing systems presenting higher redshift OII, Hβ and OIII on top of their QSO spectrum. The remaining 3 candidates in Section 3.2 present an asymmetric single line emission feature in their spectra that cannot be attributed to the QSOs emission lines, indicating possibly a high-redshift LAE lensed by the QSO. In Section 4 we discuss the number of QSO-Galaxy candidates obtained compared to Courbin et al. (2010) as well as asymmetry indicators for automated detection of background Lyman-α emission in BOSS.
Candidate Lens Selection
The BOSS survey, with wavelength coverage 3600 Å to 10400 Å and resolution R ≈ 1500 − 2000, provides an unparalleled sample of QSO optical spectra. BOSS recorded 350793 QSO spectra from 294512 unique targets, yielding a huge potential for the discovery of QSOs acting as strong lenses.
The selection method used for our sample is based on the one used for the BELLS, SLACS, S4TM and BELLS GALLERY surveys, but with significant changes to select Lyman-α or nebular emission lines superimposed to QSO spectra. Besides, we also attempt to detect background galaxy emission lines in the spectra of the foreground QSO. The basic principle is to identify additional emission lines distinct from the expected spectral features of an object flagged as a QSO. A detailed description of the selection technique is presented in this section, emphasizing the particularities of the problem at hand.
Detecting QSOs acting as strong lenses is far more difficult than galaxies for several reasons. First of all, QSO spectra contain a large range of possible features that are not (perfectly) fitted by the SDSS pipeline PCA template (Bolton et al. 2012b ) and can be mistaken for background features. Second, large emission lines characteristic of QSOs can be easily mistaken with LAE emission lines, requiring masking large fractions of the spectra, thus limiting the search range, and a time-consuming visual inspection and selection of all QSO-LAE lens candidates. Last but not least, the QSO outshines the lensed background source. This waives the possibility to confirm some lenses using wide-field photometric surveys such as SDSS or DECaLS and highlights the importance of high-resolution imaging (with HST) to confirm such configurations (Courbin et al. 2010 (Courbin et al. , 2012 .
Preparation of the dataset
Before actually investigating the details of each spectra, we select a subset of the whole BOSS DR12 QSO spectra dataset to limit future false positive detections. This procedure is summarized in these following steps.
1. We retain only spectra classified as 'QSO' by the SDSS pipeline and remove any QSO found in the blank sky fibers. We discard any QSO fitted by the pipeline with flags ZWARNING! = 0, Z_ERR< 0 or a reduced χ 2 f it > 10, which signal potentially wrong redshifts or poor continuum fitting. All this information is publicly available in the DR12 product website. We also drop any QSO that has a different pipeline redshift from its visually determined redshift, if present in the DR12 Quasar Catalog (Pâris et al. 2017) . 2. The best-fitted QSO spectrum template provided by the BOSS pipeline is subtracted from the spectra. The template spectrum is a fitted linear combination of PCA eigenvectors of a representative sample of SDSS QSO (Bolton et al. 2012b) . The PCA subtraction is much more efficient than model fitting given the broad variety in QSO spectra, as also shown by Courbin et al. (2010) . However PCA is bound to neglect peculiar features of the sample and the subtraction can produce large residuals in the case of BAL QSOs for example. This problem is handled by our selection method at a later stage (see Sect. 2.3). 3. We mask the main QSO emission lines by setting the inverse variance of the spectra to 0, preventing any detection of residual QSO emission lines. The same procedure is applied to sky lines to prevent any spurious detection. The masked emission lines are presented in Tables D.1 The reduced spectra is shown in black, the 3rd order fit in magenta. The PCA does not fit always properly the continuum, but this is mitigated by the 3rd order fit.
First emission feature search
We now search for high-SNR features in the spectra of our subset of QSOs. The following method was first presented in Sect. 3.1 of Bolton et al. (2004) and is a key step of all spectroscopic selection methods used in the SLACS, BELLS, S4TM and BELLS GALLERY strong lensing samples.
The feature search is a matched-filter search done by convoluting a Gaussian kernel {u i } with the residual spectrumf i . The maximum likelihood estimator of the line flux at pixel j with amplitude A j is the one minimizing the χ
, wheref i is the reduced flux at bin i and σ i the measured variance. Setting the derivative by A j to 0 gives the maximum likelihood estimator
Assuming uncorrelated Gaussian errors on f i , the SNR of the estimator A j is
This computation is quick to perform and allows to search for prominent features as well as easily estimating the SNR at each pixel, which is necessary for the search of complementary peaks. In the following, we refer to this estimation as the SNR for simplicity.
Principle of our algorithm
In this section, we describe our selection algorithm, indicating alongside the number of candidates remaining after the key steps. The selection method is based on previous works (Bolton et al. 2004 , Bolton et al. 2006 , Brownstein et al. 2012 , Shu et al. 2016a ). We first search for multiple emission lines characteristic of ELGs superimposed with the QSO spectra to identify QSO-Galaxy lens candidates. Then, we sort the remaining extra single emission lines (SELs) to select QSO-LAE lens candidates using the distinct asymmetry of the Lyman-α profile.
1. The first feature search is performed on all pixels of each spectrum. We use a Gaussian kernel with a dispersion σ = 150km × s −1 and store detections ('hits') above 8σ as peak candidates. We limit this search to the region (1+z QSO )λ Lyman−α < λ < 8000 Å to avoid the Lyman-α forest and the red edge of the SDSS spectrograph, highly populated by sky emission lines. 2. A 3rd order polynomial is fitted and subtracted around each feature above 8σ to remove any contribution from a poor pipeline fit. The SNR is recomputed and we keep only features with a new SNR above 6σ. Figure 1 shows this process on a typical QSO spectrum. 3. The peak candidates are ranked by SNR and only the five best are stored. 4. Any large over-density of candidates in the QSO restframe wavelength, the observed wavelength, and the fiber number is discarded. This eliminates detections due to weak QSO features that were not properly masked as well as caveats affecting some particular plates and/or fibers. 5. We ascribe each peak to OII, Hβ, OIII and/or Hα at redshift z > z QSO . We then compute the SNR at the expected position of the 4 other emission lines. If the quadrature sum SNR is greater than the detected peak SNR by at least 2.5σ, we flag this candidate as a 'QSOGalaxy' lens candidate. A total of 254 objects were flagged. 6. We obtain 929 Single Emission Lines (SEL) detections which are searched for 'QSO-LAE' lens candidates. The peculiar profile of Lyman-α serves as a proxy for a background LAE. 7. If multiple peaks are detected but do not correspond to OII, Hβ, OIII and/or Hα at z > z QSO , we check that they do not correspond to a foreground ELG at lower redshift z < z QSO . If this is the case, the candidate is not investigated further for potential LAE detection. 23 occurences of ELGs in the foreground of a QSO were identified as part of this search. The 23 objects are listed in Table B ), but higher resolution images than DE-CALS are needed to investigate this possibility. 8. Eventually all QSO-Galaxy and QSO-LAE lens candidates are inspected by eye and their SDSS/DECaLS imaging is checked to remove any hits due to nearby galaxies. The spectra are inspected for bad fitting and the nearby fibers are also inspected to check for any strong line at the hit wavelength to avoid any detection due to cross-talk between neighbouring fibers. 9. This leaves a total of 9 secure QSO-Galaxy candidates presented in Table 1 . We build a sample of 49 SELs presented in Appendix C.1. The SELs redshift distribution is shown on Fig. 5 alongside the candidates distribution. 10. Through visual inspection, we select 3 potential QSO-LAE candidates presented in Table 2 .
3. Lens candidates samples
QSO-Galaxy candidates
The 9 
QSO-LAE candidate lenses
As discussed in, for example, Verhamme et al. (2006) , the characteristic asymmetry of the Lyman-α emission profile is often explained by the shell outflow model. In this model, the photons are back-scattered in inflows or outflows and escape the Lyman-α galaxy when sufficiently shifted out of the resonance. Several modeling studies (e.g. Ahn et al. 2001; Dijkstra et al. 2006; Verhamme et al. 2007; Schaerer et al. 2011; Gronke et al. 2015; Verhamme et al. 2015 ) have confirmed the model ability to reproduce observed spectra. It is however computationally not effective to fit a multitude of Lyman-α emission templates to each detected emission. Our 3 QSO-LAE candidates were visually selected from the 49 SEL dataset to present either redshifted or blueshifted Lyman-α profiles. We exclude low redshift OII emission by checking the absence of features at the expected redshifted Hβ,OIII, Hα location. The QSO-LAE candidates redshift distribution is presented on Fig. 5 along with the other SELs. The spectroscopy of the 3 QSO-LAE is shown on Fig. 4 . The SDSS or DECaLS imaging of each QSO-LAE is presented on Fig. A .1 but does not allow to confirm the presence of strong gravitational lensing. As in Courbin et al. (2012) , we do expect the lensed images to be outshined by the QSO in the SDSS photometry and thus to only be revealed by space based deep imaging with HST. . Lens (zL) and source (zS) redshift distributions of the 9 QSO-Galaxy lens candidates, the 3 QSO-LAE lens candidates and the 49 remaining SEL selected by the algorithm that were not shortlisted as QSO-LAE candidates (see table C.1), with redshift determined both for Lyman-α or OII emission. In the case of QSO-LAEs, our selection method seems to favor low redshift QSOs and high-redshift background sources. QSO-Galaxy candidates however have both low lens and source redshifts. The lower and upper boundaries on the source redshift are due to the limited range of the SDSS spectrograph. The dotted line indicates the zS > zL limit for background object detections.
Discussion

Candidates detection fraction
We now discuss the number of candidates obtained through our search across all BOSS QSOs. We first draw some parallels and differences between (Courbin et al. 2012 ) first 14 QSO-Galaxy lens candidates and our 12 full candidate list, which do not overlap. It must be noted that all the QSOGalaxy lenses shortlisted in Table 1 have a lens redshift z < 0.7, as the SDSS-II QSOs in (Courbin et al. 2010) . Our candidate selection is based on the detection of multiple emission line among OII, Hβ, OI II and Hα. Even though Hα is not essential for a detection, OII, OIII and Hβ should be clearly visible. This sets a detection limit for background galaxies lensed in SDSS surveys, i.e. z 0.8, as OIII and Hβ at higher redshift are off the red-end of the SDSS spectrograph. As the red-end of the BOSS spectrograph is often too noisy, only z < 0.7 QSOs can indeed be detected. The SDSS-III BOSS primarily targeted QSOs at redshift z > 2. Hence we are limited by the number of QSOs thought to be at higher redshift from the color cuts, which only represents a small fraction of the overall number of QSOs in the BOSS survey. The numbers of QSO with redshift z < 0.7 is 31081 in BOSS DR12 and thus we reach a fraction of selected QSO-Galaxy lens candidates of 9/31081 ≈ 2.90 × 10 −4 . The fiber change between SDSS-II and SDSS-III from a diameter of 3 to 2 may reduce the detection fraction as we may not capture arcs with large Einstein radii. However, SLACS lenses show that there are 10 times more lenses with Einstein radius R E ≤ 1 than with R E ≤ 1.5 . Hence we can suppose that the total number of detected lenses is not affected much by the fiber change as lenses with Einstein radius between 2 and 3 are not a high fraction of the total. Eventually we can see that (Courbin et al. 2010 ) have an fraction of detected QSO lenses in their sample (≈ 6.3 × 10 −4 ) of the same order of magnitude as ours (≈ 2.90 × 10 −4 ). The remaining difference can easily be attributed to differences between selection methods and implementation and shot noise impacting the detection of background emission features.
We emphasize here that future surveys are expected to reveal even more QSO-Galaxy lenses using the same technique. Where the SDSS BOSS survey aimed at targeting 160000 QSOs at redshift 2.2 < z < 3, eBOSS aims at targeting 740000 QSOs at redshift 0.9 < z < 3.5 with the same spectrograph wavelength range and resolution. Based on the study of SEQUELS QSOs (Myers et al. 2015) , we can estimate that at least 8 × 10 4 QSO at redshift z < 0.7 should be observed in eBOSS if the targeted total area of 7500 deg 2 is reached. In turn, our method can be expected to select ∼ 23 QSO-Galaxy lenses from this large sample, assuming the same detection fraction than in our present BOSS sample. In the same way, the Dark Energy Survey Instrument (DESI; DESI Collaboration et al. 2016) will target and obtain redshift for 120 deg −2 QSO in the redshift range z < 2.1. Assuming the coverage goal of 14000 deg 2 is achieved and a similar fraction of z < 0.7 QSO as in BOSS, we expect to discover at least ∼ 100 QSO-Galaxy candidate lenses in DESI. As for potential QSO-LAE systems, our low number of candidates doesn't allow for significant extrapolation to upcoming surveys.
Automated selection of lensed LAEs
Spectroscopic detection of a potentially lensed background object based on a single line produces a high number of false positives. Typically, the number of false positive is an order of magnitude or more than the number of true positives. This in turn implies that future surveys could potentially yield too many false positives to allow visual inspection and selection of QSO-LAE lensed systems candidates. Hence, we explore here if automated selection of background Lyman-α emission lines is feasible with the data at hand.
We compute two asymmetry indicators for each SEL: the third-order standardized moment S (skewness) and the wavelength-ratio a λ (Rhoads et al. 2003) . The wavelength ratio is defined as
where λ p is the wavelength at peak flux, and λ r,10% , λ b,10% the wavelengths at 10% of peak flux on the red and the blue side of the peak respectively. The third-order standardized moment S is computed as follows
, where the i-order central moment µ i is in the discrete case
and m 0 = µ is the standard average. It is expected that symmetric Gaussian profiles of foreground emitters should have a λ ∼ 1 and S ∼ 0. Candidates could then in principle be selected according to their skewness and wavelength ratio. We present on Fig. 6 the values of S and a λ for foreground emitters, SELs and our 3 QSO-LAE lens candidates. We derive the error on a λ from a wavelength error half the pixel size at the line position (∼ 0.3 − 0.5 Å). The errorbars on the skewness show the maximum and minimum values obtained with different window sizes from 10 to 40 pixels. It first appears that S and a λ are hardly correlated in our sample. Although our candidates exhibits outlier values (a λ > 1.75 or a λ < 0.25, indicated by dashed lines), they present large error bars. The wavelength ratio error reflect its sensitivity to the large pixel size of the BOSS spectrograph. The skewness is biased by the continuum and the noise depending on the window size. Moreover, previous studies that used skewness or weighted skewness as a LAE selection criterion focused on a specific redshift search range (e.g. Kashikawa et al. 2006; Shimasaku et al. 2006) . Our approach with detected objects at a variety of redshifts is probably less suited to discrimination of object based on their skewness. Nonetheless, we find that a wavelength ratio a λ cut, in good agreement with our visual selection, could be of use as an indicator of asymmetry. When the number of SELs is too high, subsets based on a λ could be extracted from large samples for visual inspection.
Summary
We have presented a sample of 9 secure QSO-Galaxy lens candidate as well as 3 potential QSO-LAE lens candidate drawn from the full SDSS-III BOSS DR12 survey QSOs sample. The goal of this sample is twofold. First it demonstrates the potential of our spectroscopic selection of QSO lensing background ELGs/LAEs where image-based techniques often fail due to the brightness of the foreground target. Second, it aims at increasing the number of such QSO lenses by a factor of 3-4 which in the future will help to probe the physics and models of QSO host galaxies by measuring their dark matter profiles using strongly lensed background images as constraints.
We have detailed our selection method as well as provided spectroscopic evidence for background emission lines in the spectra of SDSS QSOs. We described how, once the QSO continuum has been removed by fitting a PCA template, a search for extra emission lines yields potential lens candidates. We described the quality cuts and the selection procedure for both QSO-Galaxy and QSO-LAE lens candidates. Namely, we described the masking procedure as well as the large residuals removal and detailed the SNR threshold applied to select both QSO-Galaxy and QSO-LAE candidates. We have shown that the removal false detections due to a foreground ELG produces a sample of potentially lensed QSOs as a by-product to our original search.
In the case of QSO-Galaxy lenses, the presence of at least 4 emission lines at a total SNR of 11σ guarantees the presence of a higher-redshift background galaxy. Photometric evidence is doomed to be scarce due to the brightness of the foreground QSO, but imaging of at least one candidate (SDSS J1140+0007) gives a possible hint on lensed features.
Visual inspection of the high SNR of SELs provides 3 QSO-LAE lens candidates. We have ruled out any lowredshift ELG via the absence of other nebular emission lines. With this sample, we hope to confirm the first ever QSO-LAE strong lensing system. The remaining SELs sample could contain more QSO-LAE candidates, but there is not enough evidence to draw firm conclusions yet. As we have shown, automated selection of Lyman-α emission based on skewness indicators is difficult. We found that a wavelength ratio cut is in good agreement with the visual inspection selection.
We have shown that our method can be readily applied to upcoming spectroscopical surveys such as eBOSS and DESI and promise to multiply tenfold the number of known QSOs acting as strong gravitational lenses. Lastly, we emphasize that our selection method is generic and efficient, and can be applied with little changes to a large range of physical systems. Galaxy-galaxy lenses have been covered by the SLACS, BELLS and S4TM survey, Galaxy-LAE by the BELLS Gallery survey. With the present sample, we add QSO-Galaxy and QSO-LAE lenses to the expanding list of lens-selected strong gravitational lenses samples. 3.6'' 3.6'' 3.6'' 3.6'' 3.6'' 3.6'' 3.6'' 3.6'' 3.6 (2 ) augmented by the mean 80th percentile seeing (∼ 1.6 ). As expected, no candidates prevent evidence of lensed features, but nearly half of them display a nearby redder object.
Appendix B: List of identified quasars with an aligned foreground ELG 
